Chick embryos from the inbred Reaseheath I line of chickens contained a complement-fixing antigen which reacted in the COFAL test, whereas embryos from the inbred Reaseheath C line lacked the antigen. In cross-bred embryos between the I and C lines the antigen segregated in accordance with the hypothesis that the presence of the antigen was controlled by a single autosomal dominant gene. The antigen appeared to be identical to the groupspecific antigen of the avian leukosis-sarcoma group of viruses. No infectious virus was detected in I-line embryos, and the presence of the antigen was not correlated with response to the A and B subgroups of avian leukosis-sarcoma viruses. The possible relationship between the I-line antigen and viral groupspecific antigen is discussed.
INTRODUCTION
Hamsters bearing sarcomas induced by the SCHMIDT--RUPPIN strain of Rous sarcoma virus develop complement-fixing serum antibodies which react with antigens associated with viruses of the avian leukosis-sarcoma group (Huebner et al. 1964 ). The reaction is believed to be group-specific and has been used by Sarma, Turner & Huebner (I964) as the basis for the COFAL (complement fixation avian leukosis) test for the detection of infection by avian leukosis-sarcoma viruses. Recent work of Bauer & Schiifer (1966) indicates that the group-specific (gs) antigen is an inner component of the virus. Dougherty & Di Stefano (1966) cast doubt on the specificity of the COFAL test in their report that tissues from chick embryos apparently free from leukosis virus infection, as indicated by resistance-inducing factor (RIF) tests and indirect (see below) COFAL tests, and by electron microscopy, contained an antigen indistinguishable from the complement-fixing antigen present in cells infected with avian leukosis virus. Recently, Dougherty, Di Stefano & Roth (1967) concluded from immunodiffusion tests that the normal chicken antigen and the viral gs antigen were identical.
Further support for the occurrence in normal chickens of an antigen identical to the gs antigen is given in this paper. The antigen was found in embryos of one inbred line of chickens, but was absent from those of another line, and tests on crossbred embryos between the lines suggested that the antigen was inherited in a simple Mendelian manner.
were overlaid with nutrient agar and macroscopic foci counted 7 to IO days later (Temin & Rubin, I958; Dougherty & Simons, 1962 ) . Reduction of focus count in the plates treated with serum + virus mixture was used as a measure of antibody activity.
RESULTS
Occurrence of complement-fixing antigen in pure and crossbred embryos from the I and C lines Twenty per cent homogenates of I-line and C-line embryos of different ages were examined for the presence of complement-fixing antigen using the direct COFAL test (Table 2 ). All I-line embryos gave a positive result, with antigen titres ranging from 1/2 to 2/8, whereas all C-line embryos were negative. An I-line homogenate witti a titre of 1/8, and a C-line homogenate with no complement-fixing antigen, were concentrated It-fold by dialysis against carbowax 2o m (G. T. Gurr Ltd, London, S.W. 6). This treatment increased the titre of the I-line homogenate to I/8O, but the C-line homogenate remained negative.
Preliminary studies on backcross and F 2 generation embryos suggested that infection by a virus of the leukosis-sarcoma group was not responsible for the presence of complement-fixing antigen, but that the presence of the antigen might be genetically controlled. To obtain further information on the mode of inheritance of the naturally occurring antigen, 20 ~/o (W/V) homogenates of FI, F2, IBc I and CBc I cross-bred embryos from the I and C lines were examined for antigen. Homogenates were prepared from FI embryos at I I days of age and from the other crosses at 9 and 19 days of age. The proportions of embryos with and without antigen in the four crosses were compared with those expected if the antigen in the I line were controlled at a single autosomal chromosomal locus, with dominance of the allele causing the presence of the antigen. The expected proportions with antigen are IOO % of the FI and IBc I generation, 75 % of the F2 generation, and 5o % of the CBc I generation. In no cross did the observed segregation into positive and negative embryos deviate significantly from those expected from the genetic hypothesis under test (Table I ). The antigen titres in the crossbred embryos ranged from 2/2 to 1/8, with the majority having titres of 1/4 at all ages.
A second series of COFAL tests was made on 9-day-old IBc 2, CBc I and F2 embryos obtained from the same dams 8 to IO months after those of the first series and the following proportions of embryos with antigen were found: IBc I, 56/65, CBc I, 17/38, F2 63/88. The proportions in the CBc I and F2 did not deviate significantly from those expected from the hypothesis suggested above (adjusted X(~ = o'24 and 0"38 respectively; P > o'05). The occurrence of negative embryos in the IBc I was unexpected and is not readily explained. Since many embryos had titres of I/2, which is the lower limit of detection in the COFAL test, it is possible that positive embryos may have yielded at times insufficient antigen for detection.
A further test of the single locus mode of inheritance of the antigen was made by examining 20 % (w/v) homogenates of 9-day-old CBc 2 embryos derived from randomly selected CBc I dams. Under the hypothesis being tested, half of the dams were expected to be heterozygous, and half homozygous recessive, at the locus controlling the antigen. All embryos from the homozygous dams backcrossed to a C-line sire should lack the antigen, whereas half the progeny of similarly backcrossed heterozygous dams should possess the antigen and half should not. The results of testing CBc 2 embryos fulfilled these expectations ( Table 2) . Nine of the 20 dams whose progeny were tested were clearly heterozygous on the basis of their production of embryos both with and without the antigen, whereas the remaining I I dams were classified as homozygous recessive and produced no embryos with antigen. Over-all, the heterozygous dams produced I2O embryos of which 58 possessed the antigen, in close agreement with expectation (adjusted X~ = o.o8; P > 0"o5). The homozygous darns produced 162 negative embryos. 
Distribution of complement-fixing antigen in I-line embryos
The distribution of complement-fixing antigen in 20% (w/v) homogenates of different tissues taken from 3 i 9-day-old chicks was studied (Table 3 ). The antigen was present in all types of tissue tested. Homogenates of these tissues from 3 C-line embryos were uniformly negative for antigen.
Relationship between presence of complement-fixing antigen and response to Rous sarcoma virus The I line is genetically susceptible, and the C line genetically resistant, to Bs-RSV (Payne & Biggs, i964, I966) , and further studies have shown that susceptibility is determined by a single autosomal dominant gene (Biggs & Payne, unpublished observations) . This mode of inheritance of cellular susceptibility to Bs-RSV agrees with the findings of Crittenden, Okazaki & Reamer (1964) . The apparent similarity between the inheritance of the complement-fixing antigen and susceptibility to Bs-RSV suggested that the two responses might be related, and the possibility was considered that the presence of the antigen in the I line and in some cross-bred embryos might be the consequence of latent infection by subgroup A leukosis virus in genetically susceptible embryos. If this were so, embryos susceptible to Bs-RSV should possess the antigen, whereas resistant embryos should not. To examine this possibility, pure line, backcross and F2 embryos were inoculated on the chorioallantoic membrane at I r days old with a dose of Bs-RSV estimated to give an average of about 2oo pocks on susceptible membranes. The inoculated eggs were incubated for a further 8 days, and then the pock count on each membrane was determined and the corresponding embryo collected aseptically and a 20 % (w/v) homogenate prepared and examined for antigen in a direct COFAL test. The pock counts were clearly distributed in two classes: membranes with less than 25 pocks were classified as resistant and those with more than 25 pocks (lowest encountered was IO5) were considered susceptible. The average response of the two classes differed about Ioo-fold (Table 4) Rous sarcoma virus and COFAL responses also gave non-significant results, which suggested that the locus controlling the antigen was not linked to the locus controlling response to subgroup A Rous sarcoma virus. The complement-fixing titres of the embryos inoculated with Rous sarcoma virus ranged from I/2 to I/8, with the majority at I]4. These titrations were done at the same time as those on the I9-day-old normal embryos in Table I , and it is interesting that the presence of Bs-RSV on the chorioallantoic membrane had no effect on the antigen titre of the embryo.
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Another genetic locus controls susceptibility to subgroup B strains of Rous sarcoma virus (Rubin, 1965; Payne & Biggs, 1966; Crittenden et al. I967) . Because the C and I lines both carry susceptibility genes at this locus, cross-bred embryos are all susceptible to subgroup B Rous sarcoma virus. The COFAL-negative embryos were therefore not resistant to a subgroup B virus. Further evidence for lack of correlation between resistance to subgroup B virus and absence of antigen is the finding that the antigen was present in 2o/zo normal embryos from the W inbred line of fowl, which is genetically resistant to subgroup B Rous sarcoma virus (Payne & Biggs, 1966) . Preliminary experiments with R. Weiss indicate that the presence of the antigen is not related to response to Rous sarcoma virus (O) (Vogt, 1967; Weiss, 1967) .
Attempts to transfer complement-fixing activity from embryos with the natural antigen to antigen-free cells
Evidence was sought for the presence of active leukosis virus infection in embryos with antigen with the use of indirect COFAL tests. Monolayer cultures containing 8 x io 5 chick embryo fibroblasts, which had been shown to be susceptible to both subgroup A and B viruses, were inoculated with 0.2 ml. of zo % (w/v) homogenates prepared individually from 22 COFAL-positive backcross and F2 generation embryos and 4 COFAL-positive I-line embryos. Control cultures were inoculated similarly with 20 % homogenates from COFAL-negative crossbred and C-line embryos, or with saline. Other cultures received o.2 ml. of lO -1, IO -3 and Io -5 dilutions of HeRs F42 leukosis virus stock containing lO 8 tissue culture infectious units/ml. All cultures were grown for IO days and the cells then tested for the presence of antigen at a cell concentration of IO 7 cells/ml. Cultures inoculated with HVRs-F 42 leukosis virus gave titres of I/4 to 1/8, whereas all cultures which received homogenates from COFALpositive embryos remained negative, as did the control cultures. Ceils from several cultures which received positive homogenates were pooled and concentrated 5 times by dialysis against carbowax 20 m, but these remained COFAL-negative. These results provide no support for the occurrence of infectious leukosis virus in the embryo homogenates. However, the sensitivity of the assay system was such that amounts less than 200 infectious units of a leukosis virus that replicated similarly to HPRS-F 42 might have escaped detection.
Serological tests for leukosis virus infection in the Reaseheath lines of fowl
Serological tests for the presence of leukosis virus infection in the Reaseheath lines of fowl were inconclusive. Sera from 12 C-line, I2 I-line, I I W-line and 22 1 x C adult chickens were tested for ability to neutralize six focus-producing avian tumour viruses. Some sera were not tested against certain viruses. The neutralizing capacities of the sera were classified according to the method of Rubin et al. (1962) on the basis of the fraction of virus infectivity remaining: > o'5o negative, o.2o to o'49 weak, o.Io to o'19 moderate, < o.Io strong. No sera produced a focus depression of less than o.Io and depressions of o.Io to o.I 9 were produced only with 9/56 sera tested against sR-RSV. The proportions of the sera tested against each virus which gave depressions of 0.20 to 0"49 were: Bs-RSV 4/57; VRC 4 4/2I; sR-RSV 33]56; ES 4 0/23; VRC 2 6/24 and iI-I 2 8[2 4. All other sera produced depressions of not less than o'5o of the control count. There were no obvious differences between the lines in the proportions. The significance of the weak and moderate neutralizing capacities, which were shown L. N. PAYNE AND R. C. CHUBB particularly against sR-RSV, is not clear. Although they are suggestive of leukosis virus infections in the flocks, the absence of strongly neutralizing sera, and of any clinical evidence of leukosis in the lines, makes this interpretation questionable. We have found that sera from two other flocks, believed to be free from leukosis virus infection on virological and clinical evidence, also weakly neutralize sR-RSV. The possibility that this activity against sR-RSV is due to some factor other than antibody requires investigation.
Comparison of properties of natural and viral complement-fixing antigen
Effect of heat. Two 20 °/o (w/v) homogenates of l-line embryos, with antigen titres of I/4 and I/8, were heated for 3o min. at 56°, and a 2 ~o (v/v) suspension of chick cells infected with avian myeloblastosis virus with a titre of I/8 was treated similarly. A fourfold decrease in both natural and viral antigen titres was produced by the heat treatment.
Effect of ether. Treatment of the preparations described in the previous section with 2o ~o (v/v) ether for 3 hr produced no decrease in antigen titres.
Effect of DNase and RNase. 2o ~/o (w/v) homogenate of I-line embryos with an
antigen titre of I/4, and a complement-fixing antigenic fraction prepared on a Sephadex column from Tween ether-treated avian myeloblastosis virus (Eckert, Rott & Schafer, 1964 ) with a titre of I/16 were incubated for z hr at 37 ° at pH 7, in the presence of MgSO4, with either Io #g. DNase]ml., Io/zg. RNase]ml., or Io #g. of each/ml. None of these treatments had any effect on the titres of either the natural or viral antigens.
Titration of complement-fixing hamster serum against natural and viral complementfixing antigen.
Complement-fixing hamster serum was titrated against an l-line homogenate and against chicken cells infected with Rvx. z9 leukosis virus and gave titres of I/16o and I/80 respectively; the difference is considered to be insignificant.
Titration of complement-fixing rabbit serum against natural and viral complementfixing antigen
Complement-fixing rabbit serum was prepared by inoculating rabbits with Tween ether-treated avian myeloblastosis virus (Eckert et al. 1964) . This serum had a titre of 1/64o against normal C-line cells, due to antichicken antibodies, and this activity was reduced to I/2o by absorption with C-line cells. The absorbed serum was then titrated against a complement-fixing antigenic fraction of Tween + ether-treated avian myeloblastosis virus and against l-line embryo homogenate and in each case a titre of I/I6o was found.
Absorption of complement-fixing hamster serum with natural and viral complementfixing antigen
A IO -1 dilution of hamster serum was absorbed for 3o min. at room temperature with an equal volume of zo % (w/v) I-line homogenate, or with a 2 % (v/v) (Expt i) or Io % (v/v) (Expt 2) suspension of cells infected with avian myeloblastosis virus, or with saline (control), centrifuged at 59,ooo g for 7o min. to remove complexes, and titrated against cells infected with avian myeloblastosis virus and I-line homogenate (Table 5 ). Both sources of antigen reduced the titre of the serum against both homologous and heterologous antigen, to approximately the same extent.
In another experiment complement-fixing hamster serum was absorbed with a purified antigen derived from avian myeloblastosis virus. This antigen was prepared by Tween+ether treatment of a suspension of washed avian myeloblastosis virus obtained by centrifugation of infected chicken plasma. The original plasma and washed virus gave no reaction in the COFAL test, but after Tween + ether treatment a titre of I/5OO was found; o.2 ml. of serum was absorbed for I hrat 15 ° with 0.8 ml. of the purified avian myeloblastosis virus antigen or with saline (control), centrifuged at 59,ooo g for 4o min., and serum samples taken from the top or bottom of the tubes and titrated against cells infected with avian myeloblastosis virus and I-line homogenate (Table 6 ). Absorption removed the complement-fixing property of the serum against both antigens. Serum samples taken from the bottom of the tubes containing absorbed serum were anticomplementary, presumably due to the deposited antigen + antibody complexes. We conclude from the foregoing tests that there were no detectable qualitative differences between the natural complement-fixing antigen found in I-line cells and the gs-antigen induced by infection with avian leukosis~sarcoma viruses; the differences were quantitative, the antigen being present in larger amounts in virus-infected cells.
DISCUSSION
Chick embryos from the Reaseheath I line possessed a complement-fixing antigen which appeared to be identical to the gs antigen of avian leukosis-sarcoma viruses. The pattern of segregation of the antigen in crosses between the I and C lines was compatible with the hypothesis that the presence of the antigen was controlled by a single dominant autosomal gene.
The relationship of the natural antigen to the gs antigen is of considerable interest. The four main possibilities raised by Dougherty & Di Stefano (1966) and Dougherty et al. (1967) warrant further consideration in the light of our findings.
The antigen detected in the COFAL test is a normal chicken antigen which is repressed in fibroblast tissue culture, but which becomes derepressed following infection by leukosis virus. In this hypothesis it is suggested that the antigenis coded for by the hostcell genome and not by the viral genome. Several findings militate against this possibility. The presence of the gs antigen in mammalian cells transformed by Rous sarcoma virus, even after a number of transplant passages, strongly suggests that the viral genome induces the antigen (Huebner et al. I964; Casey et al. i966; Bauer & Janda, I967) . The gs antigen appears to be an inner component of the virus particle (Bauer & Schiller, I966) . Although it is possible that this is a chicken antigen which becomes enclosed in the virus during its maturation this seems unlikely, because RPL 25 strain of avian leukosis virus will induce the gs antigen in C-line cell cultures (Payne, Crittenden & Okazaki, I968) , although this line, as shown in this present study, uniformly lacks the complement-fixing antigen.
In the following three hypotheses it is suggested that the viral genome codes for the gs antigen, and that the host-cell genome may or may not code for a similar or identical antigen.
The virus-induced gs antigen is similar to, but not identical with, a normal chicken antigen. In this study we found no difference between the natural antigen, virusinduced antigen, and gs antigen derived from fractionated avian myeloblastosis virus. This is in agreement with Dougherty et al. (1967) , who stated that their natural antigen appeared to be identical to virus antigen in immunodiffusion tests in agar gel. In contrast, Furminger & Beale (I968) reported that an antigen in chick embryos which reacted in the COFAL test differed from gs antigen in immunodiffusion tests. However, I. G. S. Furminger (personal communication) has recently found that hamster sera which lacked antibodies to his embryo antigen had similar titres to both avian myeloblastosis virus antigen and I-line homogenate. This finding indicates that the embryo antigen he described differs from the antigen in the I line. So far we have been unable to obtain precipitin lines in agar gel by diffusion of complement-fixing hamster serum against l-line homogenate, possibly because we have not been able to increase the antigen titre of the homogenate sufficiently by concentration techniques. Bauer & Janda (1967) found a complement-fixing antigen in homogenate of liver and kidney of normal chick embryos which reacted not only with hamster anti-gs antisera and rabbit anti-gs antisera, but also with normal hamster and rabbit sera. The titres of the sera against the normal antigen were not related to the titres against avian myeloblastosis virus antigen. The normal antigen studied by these workers appears to differ from our own, because we found that serum titres against natural and viral antigens were the same, and that serum from normal hamsters did not react with I-line homogenates. Normal rabbit sera had a low complement-fixing titre against both l-line and C-line homogenates.
The normal embryos contain virus=induced gs antigen. It is suggested that the host cell may contain tumour-virus genome which results in complete or partial virus replication. We were unable to obtain any evidence for the presence in I-line cell extracts of an infectious virus capable of inducing the gs antigen in chick cells. Furthermore, R. Weiss (unpublished results) was not able to enhance the production of RSV by 'non-producer' cells which were producing Rous sarcoma virus (O) in small amounts (Vogt, I967; Weiss, I967) with extracts of I and C cells, nor to increase the proportion of transformed cells in the cultures. Thus there was no evidence in I-line cells of a virus able to act as a helper virus for defective Rous sarcoma virus.
It is possible that the I-line carries a tumour-virus genome which does not code for infectious virus. In this regard it is of interest that Dougherty et al. (I967) found leukosis-virus-like particles in tissues of leukosis-virus-free embryos examined with the electron microscope. Preliminary ultrastructural examination of single sections of liver and/or pancreas from six I-line embryos has revealed no virus-like particles. In view of the genetic data presented in this paper it would seem that if the I line does carry a tumour-virus genome, its ability to code for the gs antigen must be controlled by alleles at a single autosomal locus in host cells, or alternatively that the genome itself is integrated in a host chromosome. In the latter possibility we envisage a process, comparable to lysogeny in the phage + bacterium relationship, in which viral genome, perhaps in the form of a DNA copy, is integrated into the host genome. The possible occurrence of genetically integrated DNA-containing provirus in the Rous sarcoma virus + cell interaction has already been discussed by Prince (I966) and Temin (1966) .
The virus-induced gs antigen is identical to a normal chicken antigen. In this hypothesis it is implied that both cell and tumour virus genomes may code independently for an identical antigen. This similarity could be fortuitous, or the cell and viral genes could be related. The possibility of integration of the complete viral genome into the host genome has been discussed above. Is it possible that at some time the I line acquired, by a process analogous to lysogeny, only part of the viral genome, or even a single gene? Bailey (I966) has postulated that the appearance of new histocompatibility antigens in inbred mice may have resulted from incorporation into the host genome of whole or partial viral genomes. A similar mechanism may explain the finding by Rogers (I966) of depressed serum arginine, and antibodies to virus-specific arginase, in the absence of active viral production, in men and rabbits exposed to the Shope papilloma virus. He suggested that there was persistence in the host of the part of the viral genome that coded for arginase production. The presence of the gs antigen in certain embryos or lines of chickens, in the absence of virus infection, may be the consequence of incorporation into a host chromosome, during a past infection, of the part of the viral genome responsible for the gs antigen. The presence of this antigen would then be a heritable property of descendants of the infected fowl. An alternative relationship between the gs antigen and the cell antigen is that the virus has acquired part of its genome, that responsible for the gs antigen, from an avian host by a process analogous to transduction in the phage+bacterium interaction, possibly in the form of messenger RNA.
These various hypotheses provide some guidelines for further experiments aimed at elucidating the relationship between the I-line antigen and gs antigen. Further immunological tests should be done to determine whether the two antigens are identical or only related. The analogy with lysogeny can be tested further by attempts to 'induce' the replicating virus in I-line cells by X-irradiation or chemical treatments. The pursuit of this relationship is particularly worth while because of the added perspective that demonstration of genetically integrated viral genome would give to understanding of interactions between avian tumour viruses and cells.
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